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? 1.2???????????? 3?????? 2????????????????
???????????????? 2????????????????
4 ? 1? ??
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??? 3???????????????? 1.3??Geomview [6]??????????
???????? 1.3??Open Inventor 3 [7]????????????????????
3 Open Inventor??3????????? 3????????????????????3??????
???????????????????????????????????????????????









































4 ? 1.1?????????????? Tb/Tt/Rs?????? S/P/D??????
8 ? 1? ??
? 1.4: ??????? (?)???????? (?)???????? (?)??
? 1.1: 3????????????
?? ??? ??{?? ???? ????
Phantom [4] 6 ?? Tb, Tt S, P
Bat [9, 10] 6 ?? Tb S, P
Laser Pointer Pro 2 ?? Rs S, P
JDCAD [11] 6 ?? Tb S, P
Rockin' Mouse [12] 4 ?? Tb S, P
3-Draw [13] 6 + 6 ?? Tb S, P
Shape Deformer [14] 6 ?? Tb D
Frog [15] 6 ?? Tb, Tt S, P
Image Plane 4 (??) ?? Tt, Rs S, P, D
Intersection [16]
Passive Interface 4 (??) / ?? Tb S, P
Prop [16] 2 (??)
Cubic Mouse [17] 6 ?? Tb, Tt P
Chameleon [18] 6 ?? Tb, Tt, Rs S, P
PIP [19] 6 ?? Tb, Tt S, P
?? Tb { ????? S { ??
Tt { ????? P { ??
Rs { ????? D { ??






















































?? (Cubic Mouse [17])?????????????????? 2??????????





























































































































Osgood??? SD?????Osgood??? 76???? [47]????????????
??????????????????????? Osgood??? 76????? 8
??????????????? 3??????????????????????
3????Evaluation (???)?Potency (???)?Activity (???)??????
??Evaluation???????| ?????Potency???????| ??????










































? 1.5: Osgood? 76?????????? 3??
? 1.6: ??????????????
? 1.7: ???????????


































































? 2????? 3??????????? SD??????????????????
????????????????????????
































































































































































































????????? (2.4)?????????X = (X;Y )????????D(X;Y )?
?????????????






Iu; if D(X;Y ) > ±D





























F( ¹X t)?? ¹X t??????????? t???? Iu??????????? (2.2)?
????? p????F( ¹X t)?????????w(p)????????????????
????????????????????????????????????????
w(p)??????????H ??????????????? py ? p? y??????
????????????????
















?????????? fX;Y g????? fx; y; zg?????XY??????????
???X 0 = (X 0; Y 0)??????????????? x0 = (x0; y0; z0)????????
????
z0 = bf=D(X 0; Y 0) (2.4)
x0 = X 0z0=f; y0 = Y 0z0=f (2.5)
??? b??? f ? 2???????????????????????????



























???????????????????? (µ; Á)??? ®??? ¯?????????
???????T ???????????????????
µ = ®¢x (2.6)
Á =
8><>:
¡T; (¯¢y · ¡T )
¯¢y; (¡T < ¯¢y < T )


















































? 2.1: ???????????? (1)
???? ????
1 ??? | ???
2 ??? | ????
3 ??? | ??????
4 ????? | ???
5 ???? | ????
6 ???? | ???
7 ????? | ?????
8 ??? | ???
9 ???? | ???
10 ?? | ??
11 ?? | ??
12 ???? | ???
13 ??? | ??????
14 ????? | ??????































???????? 3??????????? { ?????? { ????????????
?????????? 0.4????????????????????????????











?? ?? 1 ?? 2 ?? 3
??? { ???? 0.840 -0.001 0.256
??? { ???? 0.833 0.093 0.401
????? { ?????? 0.752 0.169 0.400
??? { ??? 0.109 0.608 -0.014
?????? { ??? 0.132 0.680 -0.078
??? { ???? -0.120 0.808 -0.013
????? { ????? -0.365 0.574 -0.389
??? { ??? 0.123 0.670 0.285
???? { ???? -0.421 0.623 -0.347
????? { ??? 0.422 -0.254 0.749
???? { ???? 0.483 -0.311 0.712
???? { ??? 0.417 -0.041 0.746
??? { ?????? 0.169 0.298 0.577
2.4. ???????? 33

















1 2 3 4 5 6 7




??? { ???? 4.75 (1.32) 2.25 (1.28)
??? { ???? 4.72 (1.33) 2.44 (1.27)
????? { ?????? 4.69 (1.16) 2.88 (1.22)
??? { ??? 2.81 (1.53) 3.25 (1.52)
?????? { ??? 2.47 (1.48) 3.16 (1.44)
??? { ???? 2.81 (1.33) 4.00 (1.44)
????? { ????? 2.28 (1.21) 4.41 (1.17)
??? { ??? 3.66 (1.38) 3.69 (1.36)
???? { ???? 1.69 (0.73) 4.47 (1.66)
????? { ??? 5.81 (1.04) 2.22 (1.43)
???? { ???? 5.63 (0.70) 2.56 (1.30)
???? { ??? 5.00 (1.35) 2.41 (1.30)
??? { ?????? 3.97 (1.90) 2.72 (1.35)
?? { ?? 4.16 (1.23) 3.31 (1.16)
?? { ?? 3.66 (1.45) 3.63 (1.24)
34 ? 2? ????????? 3????????
2.4.2 ???????????????
???????????????????????????????????????
















































































































38 ? 3? ?????????? 3????????
? 3.1: ???????????
? 3.2: ?????????










































































?????????? (?????? z = 0???)????????????????
????? p = (px; py)??? q = (qx; qy)????????????? 3£ 3?????













h00qx + h01qy + h02
h20qx + h21qy + h22
(3.2)
py =
h10qx + h11qy + h12
h20qx + h21qy + h22
(3.3)
????h22??????????????? h22 = 1????????????????
??????????? pi??? qi (i = 0 : : : 3)? 4???????????? (3.4)?
?? h00?? h21??? 8???????????????????H????????
??? 0BBBBBB@
q0x q0y 1 0 0 0 ¡p0xq0x ¡p0xq0y









q3x q3y 1 0 0 0 ¡p3xq3x ¡p3xq3y

































????? PA0A???????? PB0B????? 2?????
tanÃ = L0 cos µ=(l + L0 sin µ) (3.5)
tanÃ = L1 cos µ=(l ¡ L1 sin µ) (3.6)
???? tanÃ= cos µ?????
(l + L0 sin µ)=L0 = (l ¡ L1 sin µ)=L1 (3.7)
????????? sin µ????????





¡ L0 sin µ (3.9)
????? (3.8)???? (3.9)?? l?????????????????
1
tanÃ




tanÃ ¢ (L0 + L1) (3.11)
????
tanÃ???L0; L1?????????? (3.11)?? µ???????? (3.9)????
???????????? l???????????
l???????OS???? l sin µ?????? (? 3.7)???? S????????
??????? T ??????????????
?????????? P ??????????????????????????R






















????? (????????XZ???)????????????????? (? 3.8)?
? 3.8???????????????????????????????
???????????????????????????????????????
??? 15.5cm, 24.5cm, 17.2cm??????????????????????????
?????? Ã???? tanÃ = 0:34???????????????? 2??XZ??
????????????????? 25.0cm ???????????????? 17.2cm
??????????????? 11.0cm???????? 14.0cm??????????
?????????















46 ? 3? ?????????? 3????????



















































































? 3.1: ???????????? (2)
???? ????
1 ??? | ???
2 ??? | ????
3 ??? | ??????
4 ????? | ???
5 ???? | ????
6 ???? | ???
7 ????? | ?????
8 ??? | ???
9 ???? | ???
10 ???? | ???
11 ??? | ??????
12 ????? | ??????




50 ? 3? ?????????? 3????????
???????????????????????????????????????


































? 3.2: ??????? (??? 3???)
?? ?? 1 ?? 2 ?? 3
??? { ??? 0.091 0.697 0.235
??? { ???? 0.466 0.364 0.756
?????? { ??? 0.090 0.811 -0.034
????? { ??? 0.910 0.195 0.211
???? { ???? 0.904 0.077 0.185
??? { ???? -0.267 0.393 -0.189
????? { ????? -0.726 0.084 -0.387
??? { ??? 0.108 0.768 0.099
???? { ??? 0.828 0.223 0.279
??? { ???? 0.362 0.493 0.486
??? { ?????? 0.638 0.574 0.150
????? { ?????? 0.463 0.548 0.452
???? { ???? -0.349 0.185 -0.362
? 3.3: ???????
?? ?? 1 ?? 2 ?? 3 ?? 4
????? { ??? 0.895 0.325 0.085 -0.158
???? { ???? 0.844 0.222 0.067 -0.272
???? { ??? 0.791 0.272 0.228 -0.262
??? { ?????? 0.648 0.370 0.446 0.059
??? { ???? 0.392 0.640 0.371 -0.385
??? { ???? 0.302 0.710 0.297 -0.072
????? { ?????? 0.417 0.736 0.308 -0.010
??? { ??? 0.107 0.186 0.878 0.009
?????? { ??? 0.170 0.266 0.626 0.396
??? { ??? 0.163 0.389 0.560 0.310
??? { ???? -0.168 0.064 0.210 0.477
????? { ????? -0.631 -0.174 -0.086 0.550
???? { ???? -0.226 -0.232 0.079 0.458








































????? { ??? 5.89 (0.67) 2.26 (1.08)
???? { ???? 5.60 (0.64) 2.63 (1.17)
???? { ??? 5.46 (0.91) 2.29 (0.91)
??? { ?????? 5.06 (1.39) 2.63 (1.31)
??? { ???? 5.11 (1.26) 2.57 (1.42)
??? { ???? 4.77 (1.24) 2.74 (1.54)
????? { ?????? 4.71 (1.11) 2.74 (1.23)
??? { ??? 3.74 (1.66) 3.00 (1.45)
?????? { ??? 3.74 (1.59) 3.09 (1.38)
??? { ??? 3.69 (1.28) 3.00 (1.12)
??? { ???? 3.94 (1.07) 4.34 (1.14)
????? { ????? 2.34 (1.07) 4.37 (1.40)
???? { ???? 3.00 (1.33) 4.20 (1.55)
54 ? 3? ?????????? 3????????
? 3.13: ??????????????????????????
? 3.5: 7????????????????? (????)
?? ??? ???
????? { ??? 5.89 (0.67) 6.07 (0.57)
???? { ???? 5.60 (0.64) 6.00 (0.57)
???? { ??? 5.46 (0.91) 5.13 (1.26)
??? { ?????? 5.06 (1.39) 4.00 (1.83)
??? { ???? 5.11 (1.26) 5.00 (1.21)
??? { ???? 4.77 (1.24) 5.00 (0.73)
????? { ?????? 4.71 (1.11) 4.87 (0.88)
??? { ??? 3.74 (1.66) 3.60 (1.62)
?????? { ??? 3.74 (1.59) 3.54 (1.41)
??? { ??? 3.69 (1.28) 3.33 (0.87)
??? { ???? 3.94 (1.07) 3.67 (1.01)
????? { ????? 2.34 (1.07) 2.13 (0.96)
???? { ???? 3.00 (1.33) 2.60 (1.78)
3.4. ???????? 55
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? 4.3: ???? (?)??? (?)
? 4.4: ??????????????
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? 4.6: ????????
3. ????????????????????????G?????????????












































1 ? 4.6???? 4.7???????????????????????A;B;C;D??????????
???4?????????????????????????????????????????????









???????? ¸????????????? ¹?????? 0 ???? 1????
????????? µ?????
¹ sin µ = ¸ (4.1)
??????????????????????????L??????? µ?????
?? (??????????????????)l????????????
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?????20????????? 7 ??????? SD?????????????
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76 ? 5? SD????????????????????????????
? 5.1: ????????? (??)
5.2. ?????????? 77
? 5.1: ?????????????????
??? { ?? ??? { ?? ??? { ???
??? { ??? ??? { ????? ????? { ?????
??? { ??? ??? { ???? ???? { ???
?? { ?? ??? { ???? ??? { ???
?? { ?? ?? { ?? ????? { ?????
??? { ??? ???? { ???? ?????? { ??????
??? { ??? ?????? { ????? ??? { ?????
????? { ????? ??? { ??? ???? { ?????
??? { ???? ?????? { ?????? ?? { ??
??? { ???? ???? { ???? ?????? { ?????
??? { ??? ??? { ???? ????? { ????
??? { ??? ??? { ???? ??? { ?????
???? { ???? ????? { ???? ????? { ?????
??? { ???? ?? { ?? ?????? { ??????
??? { ??? ??? { ??? ??? { ???
?? { ??? ??????? { ????? ?????? { ??????
??? { ??? ??? { ??? ??? { ???
??? { ??? ???? { ???? ???? { ????
???? { ????? ???? { ???? ???? { ?????
??? { ???? ????? { ?????? ???? { ????
????? { ????? ?????? { ?????? ???? { ???
????? { ???? ??? { ??? ????? { ?????
????? { ????? ??? { ??? ???? { ????
??? { ?? ??? { ??? ??? { ???
???? { ???? ????? { ??? ???? { ????
??? { ??? ?????? { ??? ??????? { ?????
???? { ???? ??? { ????? ???? { ????
???? { ?????? ?????? { ?????? ??? { ???
??? { ???? ????? { ????? ???? { ???
??? { ???? ???? { ???? ?????? { ???
????? { ????? ???? { ???? ????? { ????
?? { ?? ??? { ??? ???? { ????
??? { ???? ???? { ????? ????? { ?????
??? { ????? ????? { ???????
78 ? 5? SD????????????????????????????
? 5.2: ?????????????????
???? { ????? ??? { ???? ?????? { ??????
??? { ???? ??? { ??? ?????? { ??????
?? { ?? ??? { ??? ????? { ?????
??? { ???? ??? { ???? ???? { ????
??? { ?? ???? { ???? ???? { ????
???? { ???? ???? { ???? ?????? { ??????
??? { ??? ??? { ????? ????? { ???
???? { ???? ??? { ????? ?????? { ??????
????? { ????? ??? { ???? ????? { ???????
???? { ???? ??? { ??? ??? { ?????
?? { ?? ??? { ????? ?????? { ?????
??? { ??? ???? { ????? ??????? { ?????
??? { ??? ????? { ????? ??? { ????
??? { ??? ????? { ????? ???? { ???
???? { ???? ???? { ??? ?????? { ??????
? 5.3: ?????????
?????????
1 ????? { ????? ????? { ?????
??? { ????
2 ????? { ????? ????? { ?????
?? { ?? ??? { ????
3 ????? { ????? ??? { ????
??? { ??? ??? { ?????
????? { ????? ??? { ????
4 ???? { ???? ??? { ??
? 5.4: ?????????????
???? { ????? ???? { ???? ????? { ?????
??? { ??? ??? { ????? ?????? { ??????
??? { ??? ???? { ???? ?????? { ??????
??? { ???? ????? { ????? ?????? { ??????








?? ?? 1 ?? 2 ?? 3
???? { ???? 0.779 0.194 0.284
??? { ??? 0.627 0.200 0.122
??? { ???? 0.690 0.153 0.470
????? { ????? 0.722 0.425 0.271
?? { ?? -0.612 -0.293 -0.074
??? { ???? 0.596 0.228 0.491
???? { ????? -0.025 0.701 0.441
?????? { ?????? 0.463 0.732 0.175
?????? { ?????? -0.450 -0.664 -0.112
?????? { ?????? -0.466 -0.609 0.032
??? { ??? 0.424 0.599 0.124
????? { ????? 0.291 0.233 0.811
???? { ???? 0.141 0.259 0.727
??? { ????? 0.139 -0.092 0.719
??? { ????? 0.226 0.486 0.566
?????? { ?????? 0.488 0.429 0.455
?????
????????? 0.5??????????? { ?????????? 15?????























?????? { ????????????????? TV ??????????????
?????????????TV?????????????????????????
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(+ ??????????????????????)
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??? { ???
????? ????? { ????? ???? { ????
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